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(54) Cable arrangement of a robot with means for electrically shielding the cables 



(57) A cable laying structure for a robot, which does 
not interfere with external devices in a periphery of a 
forearm (13). Camera (or force sensor) and hand control 
cables and motor control cables CB are drawn into a 
robot mechanism through a connection panel (3) of a 
base (2) of a robot main body. While, allowing the motor 
control cables to sequentially diverge, the control cables 
CB are arranged in a robot arm along an upper arm por- 
tion (12) and guided to the forearm (13). The control ca- 
bles CB are introduced into the forearm (13) with a 
shield and a sheath removed, and clamped at an appro- 
priate position. After reaching an end effector-mounting 
face, the control cables CB are connected to a camera 
(or force sensor) CIS and a hand (5). The forearm (13) 
is formed of conductive material and grounded on the 
base (2) of the robot main body so as to have the same 
electric potential as the base (2) by using means such 
as an earth cable or the like, and therefore the forearm 
(13) is utilized in replacement of a shield. 
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Description 

BAGKGROUND OF THE INVENTION 

1. Field of the Invention 5 

[0001] The presenl invention relates to a cable laying 
structure for an industrial robot and in particular to a ca- 
ble laying structure for connection with an analogue 
camera, a digital camera or a force sensor, which is at- 
tached to a wrist of an industrial robot of a horizontal or 
vertical articulated type. 

2. Description of Related Art 

[0002] In recent years, it has been more and more 
common to equip a robot with a visual or force sensor 
in order to make the robot intelligent. In case that the 
robot is equipped with a visual or force sensor, it is re- 
quired to attach camera cables for controlling a visual 
sensor or f orce-sensorcables for controlling a force sen- 
sor to the robot. For instance, J P 200 1 -1 45634A disclos- 
es a cable laying structure for an endoscope (camera) 
attached to a robot. 

[0003] A camera utilized for a visual sensor is gener- 
ally an analogue or digital camera. Analoguecamera ca- 
bles include a coaxial cable for transmitting a signal and 
a camera power cable, whereas digital camera cables 
include a signal cable for transmitting a digital picture 
signal and a camera power cable. On the other hand, 
utilized for the force-sensor cables are a signal cable for 
transmitting a detection signal of a strain gauge in a 
force sensor and a force-sensor power cable. 
[0004] A cable structure usually employed is the one 
in which the whole cables are covered with a shield 
member and a sheath so that the picture signal of the 
camera and the detection signal of strain gauge of the 
force sensor are not affected by noise from without and 
so that noise does not leak outside. Therefore, the 
sheath and shield of the camera and force-sensor ca- 
bles are indispensable. Consequently, as for a robot 
with a forearm portion having a wrist shaft movable in a 
wide range, the cables are managed while being sup- 
ported by an external supporting member in considera- 
tion of the life of the cables as in the mode in which the 
cables are hung outside the forearm by a hanger. 
[0005] FIGS. 1a and 1b illustrate the above arrange- 
ment. In the vicinity of the wrist of the robot 1, there is 
mounted an analogue camera, or digital camera, or 
force sensor C/S alongside of the hand 5. The cables 
CB connected to the camera or force sensor C/S are 
introduced into the inside of robot mechanism from the 
connection panel 3 with a connector, that is fixed to a 
base 2 of a robot 1 . and drawn out of the robot mecha- 
nism in the immediate vicinity of the forearm 4. The ca- 
bles CB that have been drawn out of the robot main body 
are hung by the hanger 9 mounted closely to the forearm 
4 and pass the outside of the forearm 4 to reach the 
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camera or force sensor C/S. 

[0006] In a conventional cable laying structure, as de- 
scribed above, the camera cables that control the visual 
sensor (analogue or digital camera) mounted closely to 
the tip end of the robot wrist or the force-sensor cables 
that control the force sensor are embedded in the robot 
arm up to the immediate vicinity of the forearm. From 
the forearm portion to the tip end of the wrist, however, 
the cables are hung by the hanger or the like, that is 
attached on the outside of the robot arm, to be managed 
as far as the tip end of the robot wrist. 
[0007] For this reason, when the robot system is ac- 
tually utilized, the cables are liable to interfere with pe- 
ripheral devices, which often becomes a problem in the 
Held. 

SUMMARY OF THE INVENTION 

[0008] The present invention provides a cab|e laying 
structure for a robot capable of preventing an interfer- 
ence with external devices in a periphery of a forearm 
of a robot. 

[0009] According to the present invention, cables for 
an analogue or digital camera or a force sensor attached 
to a wrist of a horizontal or vertical articulated robot are 
arranged inside a body and an upper arm to a proximal 
portion of a forearm, and further the cables are led into 
the forearm from the proximal portion. The forearm is 
grounded to have the same electric potential as a base 
member of the robot to thereby electrically shielding the 
cables. Thus, the cables in the forearm are allowed to 
have a section where a shield and a sheath are removed 
to have a required degree of freedom of deformation. 
Accordingly, the cables passing through the forearm 
does not impede the motion of the forearm, and the mo- 
tion of the forearm does not damage the cables. 
[0010] In other words, in a section of the camera or 
force-sensor cables arranged in the forearm, the sh ield 
and the sheath of the cables are removed to increase 
the degree of freedom of deformation, thereby prevent- 
ing lives of the cables from being shortened by bending 
or twisting deformation of the cables through rotary mo- 
tion of the forearm, 

[0011] It may be considered that picture signals or de- 
tection signals being transmitted are prone to be affect- 
ed by noises from outside and noises are liable to leak 
outside if the shield member covering the camera or 
force-sensor cables is removed. These fears can be 
eliminated by grounding the robot forearm by making 
the forearm have the same electric potential as the base 
member of the robot. 

[0012] Making the forearm have the same potential 
as the base member can be easily realized without em- 
ploying a complicated structure since the forearm and 
the base member are both generally formed of a con- 
ductive material. The forearm is connected to the base 
member through a plurality of joints and links, so that 
the forearm can be made to have the same potential as 
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the base member simply by electrically connecting the 
links by earth cables. Alternatively, the forearm and the 
base member may be directly connected to each other 
by earth cables or the like. 

[001 3] Thus, the forearm can serve as a substitute for s 
Ihe shield member of the cable by grounding the robot 
forearm on Ihe base member of ihe robol Lo make coun- 
termeasures against noise. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 

FIGS. 1a and 1b are an elevation view and a side 
view, respectively, showing a laying structure of 
camera or force-sensor cables in prior art; 

FIG. 2 is a view showing the whole structure of a 
robot system including a robot in which the camera 
cables (or force-sensor cables) are embedded in a 
forearm according to the present invention; 

FIGS. 3a and 3b are an elevation view and a right 
side view, respectively, showing a skeletal form of 
cable routing that is employed in an embodiment of 
the present invention; 

FIGS. 4a and 4b are an enlarged elevation view and 
an enlarged right side view, respectively, showing 
cable management in the forearm portion in respect 
— of the cable routing shown in FIGS. 3a and 3b; 

* • 

FIGS. 5a and 5b are a top view and a side view 
showing the cable routing shown in FIGS. 3a and 
3b, respectively; and 

FIG. 6a is a sectional view showing a state where 
a shield of the camera cables used in the present 
invention is in a sheath, whereas FIG. 6b is a sec- 
tional view showing a state where the shield and the 
sheath are removed in the forearm portion of the 
robot. 

DETAILLD DESCRIPTION 

[001 5] An embodiment will be described below with a 
focus on a case in which a camera (analogue or digital 
camera) is fixed in the vicinity of a robot wrist, and cables 
utilized are camera cables. It is possible, however, to 
replace the camera with a force sensor, and the camera 
cables with force-sensor cables. Accordingly, there will 
be additional notes in parentheses as to a case in which 
a force sensor is fixed near the robot wrist, and the ca- 
bles utilized are force-sensor cables. 
[001 6] FIG. 2 is a view showing the whole structure of 
a robot system including a robot in which camera cables 
(or force-sensor cables) are embedded in a forearm ac- 
cording to the present invention. As shown in FIG. 2, a 
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visual sensor camera (or force sensor) C/S and a hand 
5 are attached at a tip end of the robot wrist. The camera 
(or force sensor) C/S and the hand 5 are connected to 
an end effector controller 30 by cables CB. 
[0017] In case that the camera is utilized, an image 
processor for constructing the visual sensor with the 
camera is included in the end effector controller 30. On 
the other hand, if a force sensor is utilized, the end ef- 
fector controller 30 includes a device for converting an 
output of a strain gauge into, for example, six axial forc- 
es, and the like. 

[0018] Drive control of a motor of each axis in a robot 
mechanism 10 takes place in a robot controller 20. In 
FIG. 2, a cable for drive control is illustrated together as 
cables CB in the lump. In some cases, the end effector 
controller 30 is incorporated into the robot controller 20. 
As for an industrial robot, it would be desirable to con- 
struct the cables integrally with a robot arm in order to 
avoid interference with devices on the periphery of the 
robot. 

[0019] With reference to FIGS. 3a through 5b, a cable 
arrangement structure according to the embodiment will 
be explained. FIGS. 3a and 3b are an elevation view 
and a right side view showing a skeletal form of cable 
routing that is employed in the embodiment, respective- 
ly. FIGS. 4a and 4b are enlarged views showing cable 
management in the forearm portion in respect of the ca- 
ble routing shown in FIGS. 3a and 3b, respectively. 
FIGS. 5a and 5b are a top view and a side view rather 
specifically showing the cable routing shown in FIGS. 
3a and 3b, respectively. 

[0020] With reference to these drawings, camera (an- 
alogue or digital camera) and hand control cables and 
servo motor control cables are drawn into the robot 
mechanism 10 from the controller (the robot controller 
20 or the end effector controller 30 illustrated in FIG. 2) 
through a connection panel 3 with a connector in the 
rear of a base 2 of a robot main body. 
[0021] In cases where a force sensor is mounted on 
the robot in replacement of the camera, force-sensor 
and hand control cables are drawn into the robot mech- 
anism 10 from the controller (robot controller 20 or the 
end effector controller 30 illustrated in FIG. 2) through 
the connection panel 3 with a connector, that is situated 
in the rear of the base 2 of the robot main body. FIG. 3 
shows these control cables with a reference character 
CB (in a dashed and a solid line) in the lump. Moreover, 
the "control cables" include a transmission wire of input/ 
output signals, a power supply wire, an air supply pipe, 
and the like, that are required for the camera (or force 
sensor), hand, and motor, respectively. 
[0022] The control cables CB drawn into the robot 
mechanism 10 are introduced into a hollow portion sit- 
uated at the center of a revolving trunk 1 1 . Cables that 
diverge from the servo motor control cables are con- 
nected to a first and a second axis driving motor (details 
not shown). 

[0023] The rest of the control cables are embedded 
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in the robot arm along an upper arm portion 1 2 and guid- 
ed to a forearm. 13. 

[0024] The cables that have been guided to the fore- 
arm 13 are illustrated in enlarged views, namely FIGS. 
4a and 4b showing cable management and FIGS. 5a 
and 5b showing a little more details. As for the control 
cables CB thai have been guided to the forearm 1 3, the 
cables that have diverged from the servo motor control 
cables are connected to a third axis driving motor (J3 
motor) and a fourth axis driving motor (J4 motor) with 
respective gears. The rest of the cables are introduced 
into the inside of the forearm. A reference numeral 41 
represents a clamp member disposed in the vicinity of 
the forearm portion, and the control cables for the J3 
and J4 motors diverge therefrom. 
[0025] The camera cables (or force-sensor cables) 
that have been introduced into the inside of the forearm 
are subjected to bending and twisting near a rotation ax- 
is of the forearm when the forearm rotates (generally ± 
180° or more). Accordingly, in order to secure the life of 
the cables, the cables are introduced in the forearm 13 
with a shield member and a sheath removed and fixed 
in front and rear portions of the forearm 13 by clamp 
members 42 : 43 or the like. FIG. 5a shows one of the 
clamp members with reference numeral 42. 
[0026] FIGS. 6a and 6b are sectional views showing 
for contrast a state where the camera cables as an ex- 
ample are in the shield and the sheath and a state where 
the wiring is arranged in the forearm 13 with the shield 
and the sheath removed, respectively. As illustrated in 
FIGS. 6a and 6b, the camera cables herein are those 
for an analogue camera and include coaxial cables 61 , 
62 and 63 and a signal cable 64 that are covered with 
a sheath 60 and a shield member 70. The coaxial cables 
61 , 62 and 63 and the signal cable 64 each accommo- 
date a power cable 71, signal cables (control signal 
transmission cable 72 and analogue picture signal 
transmission cable 73) and the like in an allotted man- 
ner. 

[0027] In case that the camera utilized is a digital cam- 
era, a signal cable for transmitting a digital picture signal 
is used to transmit the digital picture signal. If the force 
sensor is utilized, force-sensor cables are used, the 
force-sensor cables including a signal cable for trans- 
mitting a detection signal of a strain gauge in the force 
sensor and a force-sensor power cable. In either case, 
as contrastively shown in FIGS. 6a and 6b, the cable 
laying takes place with the shield member and the 
sheath surrounding these cables removed at least in a 
certain cable-passing section in the forearm 13. 
[0028] As illustrated in FIG. 6b, in the forearm 13, 
when not only the sheath but the shield is removed, sig- 
nals are liable to be affected by noise from without, and 
noise is prone to leak outside. However, countermeas- 
ures against noise are realized since the base 2 of the 
robot main body and a proper, position of the forearm 
13 formed of a conductive material are grounded at the 
same potential to utilize the forearm 13 in replacement 



of the shield member. Furthermore, the base 2 of the 
robot main body ought to be provided with a ground from 
the beginning. Under favour of this ground, the forearm 
13 serves as a grounded shield if a proper position of 
s the forearm 1 3 is connected to the base 2 of the robot 
main body. 

[0029] Since the forearm 1 3 is connected lo the base 
2 of the robot main body with the joints therebetween, 
the forearm 13 can be grounded, for example, by elec- 
10 trically connecting the links constructing the connecting 
link structure between the base 2 of the robot main body 
and the forearm 13 by means of the earth cable, not 
shown. 

[0030] Moreover, the earth cable whose end is 
15 grounded on the base 2 of the main body may be intro- 
duced into the inside of the forearm 1 3 together with the 
control cables and connected to the conductive member 
constructing the forearm 13 in the forearm 13. In addi- 
tion, the forearm 13 and the base 2 of the robot main 
20 body may be directly connected to each other by means 
of an earth cable 50 to be grounded at the same poten- 
tial. 

[0031] Herein, the camera control cables have up- 
stream and downstream sections from the forearm 13 

25 that are each covered with the shield member and the 
sheath, and it is possible to ground the shield member 
on the robot arm to reinforce the shield in an end portion. 
In this case, fixing loosen cables directly by a clamp 
member may cause the cables to be bent. Therefore, 

30 the camera cables are occasionally fixed after being 
bundled with the other control cables. 
[0032] The control cables CB that have been led to 
the inside of the forearm 1 3 are guided to the end effec- 
tor-mounting face 44 in a state where the servo motor 

35 control cables are connected to a fifth axis driving motor 
(J5 motor) and a sixth axis driving motor (J6 motor) with 
respective gears, and the camera (or force sensor) con- 
trol cables and hand control cables are drawn outside 
the forearm from one side face of a front portion of the 

40 forearm and wired along the side face of the forearm so 
as to have an extra length. 

[0033] As described above, since the control cables 
CB are subjected to bending when the wrist swings, the 
cables need to have a sufficient extra length around the 

45 wrist. It is often the case, however, that the robot 
equipped with a camera operates in the downward di- 
rection below a horizontal level, and an operating range 
of the wrist swing can be limited to approximately 130°. 
Accordingly, the sheath and the shield are not neces- 

50 sarily required to be removed from this part of the cam- 
era cables, and the camera cables can be managed 
along the forearm with the sheath and the shield at- 
tached. 

[0034] The control cables that have been guided to 
55 the end effector-mounting face are housed in a circled 
state under favour of sufficiently wide space prepared 
for mounting the camera (or force sensor) C/S and the 
hand 5 offset, and eventually connected to the end ef- 
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fector including the camera (or force sensor). 
[0035] The robot equipped with a camera is generally 
required to clo detection in an upper portion of work from 
various angles, thereby demanding an operating range 
of ±180° or more. On the contrary, if the space for 
mounting the visual sensor and the hand on the end ef- 
fector-mounting face offset is effectively used, il is pos- 
sible to compactly organize the periphery of the end ef- 
fector without preparing space exclusive for the cable 
arrangement. 

[0036] The above-mentioned structure makes it pos- 
sible to complete the management of the camera cables 
and to pack the whole cables in the robot arm without 
making a projection over the periphery, thereby elimi- 
nating the problem of interference with peripheral devic- 
es in the subject area. Similarly, the force sensor cables 
could be embedded in the forearm 1 3 in the same man- 
ner as the above-described structure. 
[0037] According to the present invention, it is possi- 
ble to improve the cable laying structure for connection 
with a camera or a sensor attached to a wrist of a robot, 
so that camera or force-sensor cables are arranged in- 
side a forearm of the robot, thereby preventing an inter- 
ference with peripheral devices in the periphery of the 
forearm. By providing the robot forearm with a shielding 
function, picture signals and sensor signals in transmis- 
sion through the cables are prevented from being affect- 
ed by noises from outside, and also leakage of noises 
from the cables are prevented. 

Claims 

1. A cable laying structure for connection with an an- 
alogue camera attached to a wrist of an articulated 
robot having a base member, a forearm and the 
wrist, said cable laying structure comprising: 

camera cables including a coaxial cable for 
transmitting analogue picture signals from the 
analogue camera and a camera power cable, 
a part of said camera cables being arranged in- 
side the forearm; and 

grounding means for making the forearm have 
the same electric potential as the base member 
so that the forearm is grounded, thereby elec- 
trically shielding said camera cables by the 
forearm. 

2. A cable laying structure according to claim 1, 
wherein said grounding means comprises earth ca- 
bles electrically connecting links of the articulated 
robot from the base member to the forearm. 

3. A cable laying structure according to claim 1, 
wherein said camera cables are led into the forearm 
in the vicinity of a rotational axis of the forearm at a 



proximal portion thereof and led outside from a side 
face of the forearm at a distal portion thereof 

4. A cable laying structure for connection with a digital 
camera attached to a wrist of an articulated robot 
having a base member, a forearm and the wrist, 
said cable laying structure comprising: . 

camera cables include a signal cable for trans- 
mitting digital picture signals from the digital 
camera and a camera power cable, a part of 
said camera cables being arranged inside the 
forearm; and 

grounding means for making the forearm have 
the same electric potential as the base member 
so that the forearm is grounded, thereby elec- 
trically shielding said camera cables by the 
forearm. 

5. A cable laying structure according to claim 4, 
wherein said grounding means comprises earth ca- 
bles electrically connecting links of the articulated 
robot from the base member to the forearm. 

6. A cable laying structure according to claim 4, 
wherein said camera cables are led into the forearm 
in the vicinity of a rotational axis of the forearm at a 
proximal portion thereof and led outside from a side 
face of the forearm at a distal portion thereof. 

7. A cable laying structure for connection with a force 
sensor attached to a wrist of an articulated robot 
having a base member, a forearm and the wrist, 
said cable laying structure comprising: 

force-sensor cables include a signal cable for 
transmitting detection signals of a strain gauge 
in the force sensor and a force-sensor power 
cable, a part of said force-sensor cable being 
arranged inside the forearm; and 

grounding means for making the forearm have 
the same electric potential as the base member 
so that the forearm is grounded, thereby elec- 
trically shielding said force-sensor cables by 
the forearm. 

8. A cable laying structure according to claim 7, 
wherein said grounding means comprises earth ca- 
bles electrically connecting links of the articulated 
robot from the base member to the forearm. 

9. A cable laying structure according to claim 7, where- 
in said force-sensor cables are led into the forearm 
in the vicinity of a rotational axis of the forearm at a 
proximal portion thereof and led outside from a side 
face of the forearm at a distal portion thereof. 
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